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Abstract 
This paper discusses two of the established tenets in paper conservation that permeate the existing relevant literature and 
define the conservation practice, in the light of recent findings.  
The idea that washing and deacidification can only be beneficial and that effects on ink and colours excluded, there are no 
negative side effects to paper properties, has been openly expressed and supported in many publications. New research and 
scattered uncommented results in the relevant literature though indicate that aqueous treatments may have a detrimental effect 
on the mechanical properties of paper, especially tensile strength and folding endurance. It is suggested that according to the 
principle of minimum intervention, washing and deacidification should be applied to acidic paper, and then followed by 
consolidation. 
Another tenet with important implications on conservation and preservation decision making concerns the rate of ageing. 
Research based exclusively on accelerated ageing tests has shown that ageing is at first a linear process which decelerates 
after a certain point. Nevertheless, the applicability of this scheme to the natural process of paper ageing has been argued, and 
another model based on accelerated ageing tests done in closed environments has been proposed which is believed to simulate 
natural ageing better than the previous one. In the early stages of ageing, both models give similar results, but overall, the 
linear model dramatically overestimates the useful life of paper. The newer model indicates that natural paper ageing in 
libraries and archives can be an accelerating process and puts to question the foundations of conservation research and 
preservation practice. 
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1. Introduction 
Amongst the established tenets in paper conservation, one of the most respected concerns washing and 
aqueous deacidification: vulnerabilities of inks and colours excluded, it is generally believed that washing and 
aqueous deacidification are always beneficial to paper, and that they can even restore lost mechanical strength 
and pliability [1, 2]. This belief is often overtly expressed, but more often lies behind the urge many paper 
conservators feel that washing and aqueous deacidification are possible treatment option, and their final decision 
to implement them.  
Another tenet that dominates paper conservation, which is also implied in many aspects of paper conservation 
and preservation practice, is that the rate of the natural ageing of paper is constant or declining over time [3-8]. 
The scientific basis of this concept is solid, and is founded on observations made even from the very early paper 
ageing experiments [9]. The study of paper properties during accelerated ageing strongly suggested that the 
change of many of them, with folding endurance being the most prominent, was linear with time, and that at the 
late stages of ageing it would even decelerate [3, 5, 9-16]. The concept of a constant or decelerating rate of ageing 
has several theoretical and practical aspects, which will be discussed later on.  
These two tenets have dominated paper conservation and preservation for over 40 years, but recent 
publications indicate that they may need to be revised [5, 17-21]. In this paper, evidence from recent research that 
supports this allegation will be presented and discussed. 
2. The Scientific basis of washing and deacidification 
Washing and aqueous deacidification as paper conservation interventions are firmly founded on scientific 
research. Acidity was early recognized as the critical internal factor that controlled the rate of paper ageing, and 
acid catalyzed hydrolysis of cellulose was identified as the main degradation mechanism during paper ageing [5, 
12, 14, 22-26]. Therefore, most of the invented chemical stabilization strategies aimed towards either removing 
soluble and/or neutralizing insoluble or total acidity. The removal of water soluble acidity is accomplished by 
washing; additionally, washing often results in an aesthetic improvement by removing part of paper 
discolouration [1, 27-32].  
The by far most important chemical stabilization strategy is of course deacidification. Deacidification has a 
dual goal. It neutralizes the acid content of paper, but also deposits a quantity of an alkaline substance (alkaline 
reserve), that will neutralize the acidity that may develop in the future. Numerous studies have confirmed the 
success of both treatments, namely washing and aqueous deacidification. Depending on the type of paper, the 
initial pH and the implementation, both treatments usually manage at various degrees to arrest paper degradation 
and reduce the rate of ageing [1, 27-32]. 
3. The rate of paper ageing and its implications 
The rate of paper ageing can be understood as the rate of the decline of its fundamental properties [5]. 
However arbitrary this definition may be, it is nevertheless pragmatic and practical, but it depends on which 
property is being examined. Still, this drawback is not considered important since most of the relevant studies are 
comparative in nature, but also because the context of the research usually defines the property or properties of 
choice. Folding endurance, brightness, tensile strength and inverse degree of polymerization (internal fluidity), to 
name the most important of them, have been used for the study of paper ageing, both in conservation and 
industrial contexts [24, 33-36]. The results of most of these studies showed that the above mentioned properties 
changed linearly with time. Often, a deceleration of the ageing process was observed at the final stages of ageing 
(first order kinetics, often approximated by zero order kinetics at the beginning of the reaction) [3, 5, 9-11].  
37 Spiros Zervos /  Procedia - Social and Behavioral Sciences  73 ( 2013 )  35 – 42 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Tensile strength of washed and deacidified contemporary (Whatman) and Historic (HIST A, B, C: rag paper - F, G: Chemical pulp – 
K, L: Mechanical pulp) paper samples.  
The concept of a constant or decelerating rate of ageing has important implications in the context of 
conservation and preservation. It lies behind the belief that if a certain paper has survived for two or three 
centuries and is still in good condition, it will not become brittle and crumble for at least another two or three 
centuries [17]. It is also the basis of the idea that certain preservation measures, such as lowering the temperature 
or the relative humidity, will have a predictable effect on the rate of paper ageing, say by halving it, or in general 
by multiplying it by a given fraction [37]. It is also behind the allegation that a certain conservation treatment may 
prolong the useful life of a paper object by a given factor [38, 39]. 
4. The evidence from recent research 
4.1. Aqueous treatments and strength loss 
The efficacy of washing and aqueous deacidification has not been challenged concerning their primary goal, 
that is, for the cleaning and the chemical stabilization of paper, but recent research indicates that they may have 
important adverse side effects [20, 21]. Although highly respected researchers in the field have reported in the 
past an increase in folding endurance after aqueous treatments [29, 40], a deterioration of the strength properties 
of paper has also been reported, which is contrary to the widespread belief [20, 21, 29, 38, 41-45]. In a study of 
the effects of aqueous treatments on 8 different paper samples [20, 21], results showed that after the treatments, 
the tensile strength of all but one paper samples decreased (fig. 1), with the decrease being statistically significant 
in 6 out of 8 cases. They also showed that folding endurance and stretch at break exhibited the first a statistically 
significant decrease in 2 cases and the latter an overall increase, which was statistically significant in 5 out of 8 
cases [20, 21]. Similar scattered results have been found in the relevant literature, but they were left 
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uncommented or the strength decrease was attributed to either the removal of the size or to the alkalinity of the 
baths [20, 29, 41-44]. Although plausible, such explanations do not hold water, because the strength decrease also 
occurred to unsized paper and after non-alkaline baths [20]. 
In a paper investigating the causes of the strength loss after aqueous treatments, a tentative mechanism has 
been proposed, based on microstructural changes that adversely affect the bonding among cellulose fibres and/or 
fibrils [21].  
As to why the strength loss has not been observed by other researchers, a plausible explanation has been put 
forward by Zervos and Moropoulou [20]: Folding endurance measurements are very sensitive to the moisture 
content of paper. A small increase in moisture content can cause a considerable increase to this strength 
property. The moisture content of paper depends primarily on environmental relative humidity (RH) and less on 
temperature. That is why, conditioning to standard atmosphere (23º C and 50% RH) for at least 24 hours is 
necessary before testing. However, the direction from which the 50% RH is approached plays an important role. 
If environmental humidity approaches 50% from a lower RH, the paper sample contains less water than if 50% is 
approached from a higher level. This phenomenon, called hysteresis effect, is very well known in the paper 
industry. TAPPI standard for conditioning requires a preconditioning step of 24 hours to lower RH (20-35%), so 
that moisture content of paper is unequivocally defined. This preconditioning step is imperative when 
comparison of folding endurance before and after aqueous treatments is attempted. If it is omitted, the washed 
papers, which approach 50% from 100% R.H. will contain more water at the equilibrium than if they were 
preconditioned, thus giving higher values of folding endurance. Surveying the relevant literature, we noticed that 
although conditioning before testing is always mentioned, preconditioning is rarely done. The lack of the 
preconditioning step could explain why a decrease in folding endurance after aqueous treatments is rarely 
reported.  
More evidence that the strength loss after aqueous treatments is quite real can also be found in the literature. A 
phenomenon called hornification has been widely investigated by the paper industry due to its importance to 
paper recycling. The term is used for the irreversible changes that occur after the first drying of cellulosic fibers, 
resulting in a decrease in the water retention value and tensile strength. Hornification may also occur after 
rewetting and drying and has been attributed to the formation of irreversible intra-fibre hydrogen bonds among 
cellulose microfibrils, a process that restricts cellulose swelling and decreases its absorption capacity [46-52]. 
Although there is plenty of evidence, the community of paper conservators is not willing or ready to accept 
that aqueous treatments can also have adverse effects on the strength properties of paper. Last year I presented a 
paper entitled: “Investigating the Causes of Paper Strength Loss after Aqueous Treatments” [21] at a conference 
in front of over 50 paper conservators and conservation scientists, which was accepted with awe and disbelief. 
The shock in the face of many of my colleagues indicated how deep are the roots of the belief that aqueous 
treatments are beneficial to paper strength, and that washing, if done properly, could never harm the paper 
substrate. 
4.2. Autocatalysis and accelerated ageing in sealed vessels 
In 1995, Chandru Shahani (Library of Congress) presented his research paper entitled: “Accelerated aging of 
paper: Can it really foretell the permanence of paper” [17]. In this paper, evidence was presented that the natural 
ageing of paper stored in large quantities (such as in libraries and archives) may be an accelerated process. 
Shahani also speculated that ageing in closed enclosures is an autocatalytic process. In his own words: Only one 
logical scenario can explain all of the observed facts … : Acidic compounds produced as a result of the aging of 
acidic paper are retained by a paper matrix that is isolated from free interaction with the environment. As the 
concentration of these acidic species increases with aging time, the rate of acid hydrolysis of cellulose 
accelerates. This process is autocatalytic, that is, it feeds upon itself [17]. Since then, research has verified his 
insight. 
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Zervos and Moropoulou [19] showed that even non-acidic paper aged in sealed vessels produced acidic 
volatile compounds. The extent of the production of the acidic compound was such, that it reduced the pH of the 
saturated NaCl solution used to maintain RH at 75% inside the sealed vessel to 2.9. The above mentioned authors 
proposed a theoretical exponential model based on autocatalysis which was verified by the experimental 
evidence. All the properties measured conformed to the proposed model: the number of the broken glycosidic 
bonds, folding endurance, tensile strength and the colour coordinated L* and b* of the CIEL*a*b* colour system. 
The most alarming result of this research was that during the initial half of the ageing time, the reduction of 
folding endurance was minimal, while afterwards the rate of folding endurance reduction increased and fell 
abruptly to zero (fig. 2). The same trend was exhibited by all the other measured properties. At the end of the 
ageing process, the paper became so brittle that it crumbled and fell apart when handled. Folding endurance 
practically defines paper usability [22, 53, 54], and this sudden and complete loss of usability is contrary to what 
would be normally expected from the established linear or decelerating model presented above.  
The importance of autocatalysis in paper ageing has been stressed by several authors [5, 17, 18, 55, 56] and an 
ageing standard was proposed based on the relevant research [34, 57-59]. 
5. Conclusions and practical aspects 
The research results presented above support the point made in the introduction, that the tenets that aqueous 
treatments have no adverse effects on the paper substrate and that paper ageing is a linear or decelerating process 
need to be revised. Revising the practice of conservation and preservation which is based on these two tenets has 
important implications, which were discussed elsewhere in detail [5, 18-21], but they will be also summarized 
here. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Schematic diagram of folding endurance indicating the difference between the established linear and the exponential (accelerating) 
model 
Concerning the adverse effects of aqueous treatments, it is important and must be made quite clear that we do 
not advocate in general that aqueous treatments should cease to apply. On the contrary, as most other 
conservation treatments they have their pros and cons, which must be balanced against each other. Apart from the 
standard tests that should be applied and concern ink and colour vulnerabilities, the main technical criterion for 
the application of washing and aqueous deacidification is the pH of paper. Papers with low pHs can greatly 
benefit from deacidification, while neutral or alkaline papers only suffer from the adverse effects of the 
treatments. According to Moropoulou & Zervos [20]: We believe that caution should be exercised and according 
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to the principle of minimum intervention, washing and deacidification should be applied only to acidic paper. 
Strong, neutral or alkaline paper should not be washed or deacidified, at least as a principle, if there are not 
other reasons dictating such interventions. If for some reasons (i.e. heavily stained or/and acidic paper) the 
decision to proceed to aqueous treatments is taken, consolidation of the paper should be implemented, so that the 
initial strength is restored or even surpassed. This is particularly important when local aqueous treatments are 
applied on weak paper. 
Regarding the rate of paper ageing, the accelerating model indicates a low rate at the beginning of ageing that 
increases with time and results a sudden breakdown of paper. The established linear model predicts a constant 
rate of ageing which decelerates at the end. In the early stages of ageing, both models give similar results, but 
overall, the linear model dramatically overestimates the useful life of paper (fig. 2). Thereby, if no measures are 
taken immediately, we must expect that the numbers of books and manuscripts that become unusable due to 
brittle paper will increase dramatically in the future. 
Since the acidic compounds produced during paper storage are responsible for the acceleration of ageing, it 
becomes obvious that ventilation of the storage areas is a crucial preservation factor. Any strategy that would 
help removing the acidic substances from the atmosphere of the storage areas (such as alkaline scrubbers, even 
the use of limewash for painting the walls of the repositories) would contribute to the long-term preservation of 
paper collections. 
Browsing with care through a book, apart from being a potential source of damage, could also have a positive 
effect, since it removes part of the volatile acidic substances, thereby contributing to its preservation. Thus, the 
tenet that ‘access (usage) is an enemy of preservation’ may also be reconsidered. 
References 
[1] Hey, M. (1979). The washing and aqueous deacidification of paper. The Paper Conservator, 4, 66-79. 
[2] Dupont, A.-L. (1996). Degradation of cellulose at the wet/dry interface. 1. The effect of some conservation treatments on brown lines. 
Restaurator, 17(1), 1-21. 
[3] Zou, X., Uesaka, T., & Gurnagul, N. (1996). Prediction of paper permanence by accelerated aging I. Kinetic analysis of the aging 
process. Cellulose, 3, 243-267. 
[4] Zou, X., Uesaka, T., & Gurnagul, N. (1996). Prediction of paper permanence by accelerated aging II. Comparison of the predictions with 
natural aging results. Cellulose, 3, 269-279. 
[5] Zervos, S. (2010). Natural and accelerated ageing of cellulose and paper: A literature review. In A. Lejeune & T. Deprez (Eds.), 
Cellulose: Structure and Properties, Derivatives and Industrial Uses (pp. 155-203). New York: Nova Publishing. 
[6] Krassig, H. & Kitchen, W. (1961). Factors influencing tensile properties of cellulose fibers. Journal of Polymer Science, 51, 123-172. 
[7] Fung, D.P.C. (1969). Kinetics and mechanism of the thermal degradation of cellulose. TAPPI Journal, 52(2), 319-321. 
[8] Emsley, A.M. & Stevens, G.C. (1994). Kinetics and mechanisms of the low-temperature degradation of cellulose. Cellulose, 1, 26-56. 
[9] Ekenstam, A. (1936). The behaviour of cellulose in mineral acid solutions. Kinetic study of the decomposition of cellulose in acid 
solution (Über das Verhalten der Cellulose in Mineralsäure-Lösungen, II. Mitteil.: Kinetisches Studium des Abbaus der Cellulose in 
Säure-Lösungen). Berichte der Deutschen Chemischen Gesellschaft, 69, 553-559. 
[10] Shafizadeh, F. & Bradbury, A.G.W. (1979). Thermal degradation of cellulose in air and nitrogen at low temperatures. Journal of Applied 
Polymer Science, 23, 1431-1442. 
[11] Feller, R.L., Lee, S.B., & Bogaard, J. (1986). The kinetics of cellulose deterioration. In H.L. Needles & S.H. Zeronian (Eds.), Historic 
textile and paper materials. Conservation and characterization (pp. 329-347). Washington, DC: American Chemical Society. 
[12] Fellers, C., Iversen, T., Lindstrom, T., Nilsson, T., & Rigdahl, M. (1989). Ageing/degradation of paper, a literature survey, in FoU-
projektet for papperskonservering. Stockholm: FoU-projektet for papperskonservering. 
[13] Lee, S.B., Bogaard, J., & Feller, R.L. (1989). Damaging effects of visible and near-ultraviolet radiation on paper. In S.H. Zeronian & 
H.L. Needles (Eds.), Historic textile and paper materials II. Conservation and characterization (pp. 54-62). Washington, DC: American 
Chemical Society. 
41 Spiros Zervos /  Procedia - Social and Behavioral Sciences  73 ( 2013 )  35 – 42 
[14] Zou, X., Gurnagul, N., Uesaka, T., & Bouchard, J. (1994). Accelerated aging of papers of pure cellulose: mechanism of cellulose 
degradation and paper embrittlement. Polymer Degradation and Stability, 43, 393-402. 
[15] Hill, D.J.T., Le, T.T., Darveniza, M., & Saha, T. (1995). A study of degradation of cellulosic insulation materials in a power transformer, 
part 1. Molecular weight study of cellulose insulation paper. Polymer Degradation and Stability, 48, 79-87. 
[16] Gilbert, R., Jalbert, J., Tétreault, P., Morin, B., & Denos, Y. (2009). Kinetics of the production of chain-end groups and methanol from 
the depolymerization of cellulose during the ageing of paper/oil systems. Part 1: Standard wood kraft insulation. Cellulose, 16(2), 327-
338. 
[17] Shahani, C.J. (1995) Accelerated aging of paper: Can it really foretell the permanence of paper. Preservation Research and Testing Series 
9503. 
[18] Zervos, S. (2007). Accelerated ageing kinetics of pure cellulose paper after washing, alkalization and impregnation with methylcellulose. 
Restaurator, 28(1), 55-69. 
[19] Zervos, S. & Moropoulou, A. (2005). Cotton cellulose ageing in sealed vessels. Kinetic model of autocatalytic depolymerization. 
Cellulose, 12(5), 485-496. 
[20] Moropoulou, A. & Zervos, S. (2003). The immediate impact of aqueous treatments on the strength of paper. Restaurator, 24(3), 160-177. 
[21] Zervos, S. & Barmpa, D. (2011). Investigating the causes of paper strength loss after aqueous treatments. In P. Engel, et al. (Eds.), New 
Approaches to Book and Paper Conservation - Restoration (conference preprints), Horn, Loweraustria, 9th–12th May 2011. (pp. 131-
152). Wien/Horn: Verlag Berger. 
[22] Barrow, W.J. & Sproull, R.C. (1959). Permanence in book papers. Science, 129, 1075-1084. 
[23] Roberson, D.D. (1976). The evaluation of paper permanence and durability. TAPPI Journal, 59(12), 63-69. 
[24] Wilson, W.K. & Parks, E.J. (1979). An analysis of the aging of paper: Possible reactions and their effects on measurable properties. 
Restaurator, 3, 37-61. 
[25] Gurnagul, N., Howard, R.C., Zou, X., Uesaka, T., & Page, D.H. (1993). The mechanical permanence of paper: a literature review. 
Journal of Pulp and Paper Science, 19(4), j160-j166. 
[26] Barański, A., Łagan, J.M., & Łojewski, T. (2005). Acid-catalysed degradation. In M. Strlič & J. Kolar (Eds.), Ageing and stabilization of 
paper (pp. 93-109). Ljubljana: National and University Library. 
[27] Burgess, H.D. (1986). Gel permeation chromatography. Use in estimating the effect of water washing on the long-term stability of 
cellulosic fibers. In H.L. Needles & S.H. Zeronian (Eds.), Historic textile and paper materials. Conservation and characterization (pp. 
363-376). Washington, DC: American Chemical Society. 
[28] Daniels, V. & Kosek, J. (2004). Studies on the washing of paper. Part 1: The influence of wetting on the washing rate. Restaurator, 
25(2), 81-93. 
[29] Lienardy, A. & Van Damme, P. (1990). Paper washing. The Paper Conservator, 14, 23-30. 
[30] Tang, L.C. (1981). Washing and deacidifying paper in the same operation. In J.C. Williams (Ed.), Preservation of paper and textiles of 
historic and artistic value II (pp. 63-86). Washington, DC: American Chemical Society. 
[31] Daniels, V. & Kosek, J. (2004). Studies on the washing of paper: Part 2: A comparison of different washing techniques used on an 
artificially discoloured, sized paper. Restaurator, 25(4), 260-266. 
[32] Uchida, Y., Inaba, M., & Kijima, T. (2007). Evaluation of aqueous washing methods of paper by the measurement of organic acid 
extraction. Restaurator, 28(3), 169-184. 
[33] Wilson, W.K. & Parks, E.J. (1983). Historical survey of research at the National Bureau of Standards on materials for archival records. 
Restaurator, 5, 191-241. 
[34] Shahani, C., Lee, S.B., Hengemihle, F.H., Harrison, G., Song, P., Sierra, M.L., et al. (2001). Accelerated aging of paper: I. Chemical 
analysis of degradation products. II. Application of Arrhenius relationship. III. Proposal for a new accelerated aging test: ASTM research 
program into the effect of aging on printing and writing papers. Washington, DC: Library of Congress. 
[35] Zervos, S. (2007). Evaluating treatments of paper using statistically valid test methods. Part II: Experimental setup and protocol. 
Restaurator, 28(4), 256-288. 
[36] Zervos, S. & Moropoulou, A. (2006). Methodology and criteria for the evaluation of paper conservation interventions. Literature review. 
Restaurator, 27(4), 219-274. 
42   Spiros Zervos /  Procedia - Social and Behavioral Sciences  73 ( 2013 )  35 – 42 
[37] Wilson, W.K. (1995). Environmental guidelines for the storage of paper records. Bethesda, MD: National Information Standards 
Organization. 
[38] Bansa, H. (1992). Accelerated aging tests in conservation research: Some ideas for a future method. Restaurator, 13(3), 114-137. 
[39] McGee, A.E. (1991). Evaluating and comparing mass deacidification benefits: Enhanced and extended useful life. Restaurator, 12(2), 
104-109. 
[40] Sclawy, A.C. (1981). The effect of varying relative humidity conditions on the folding endurance of aged paper samples. In J.C. 
Williams (Ed.), Preservation of paper and textiles of historic and artistic value II (pp. 217-222). Washington, DC: American Chemical 
Society. 
[41] Green, L.R. & Leese, M. (1991). Nonaqueous deacidification of paper with methyl magnesium carbonate. Restaurator, 12(3), 147-162. 
[42] Sistach, A.M.C. (1996). Structure of paper fibres in ancient manuscripts: Acidic decomposition and deacidification. Restaurator, 17(2), 
117-129. 
[43] Adamo, M., Giovannotti, M., Magaudda, G., Zappala, M.P., Rocchetti, F., & Rossi, G. (1998). Effect of gamma rays on pure cellulose 
paper as a model for the study of a treatment of  biological recovery of biodeteriorated books. Restaurator, 19(1), 41-59. 
[44] Wilson, W.K., Golding, R.A., Mcclaren, R.H., & Gear, J.L. (1981). The effect of magnesium bicarbonate solutions on various papers. In 
J.C. Williams (Ed.), Preservation of paper and textiles of historic and artistic value II (pp. 87-108). Washington, DC: American Chemical 
Society. 
[45] Bansa, H. & Ishi, R. (1997). The effect of different strengthening methods on different kinds of paper. Restaurator, 18(2), 51 - 72. 
[46] Nazhad, M.M. & Paszner, L. (1994). Fundamentals of Strength Loss in Recycled Paper. Tappi Journal, 77(9), 171-179. 
[47] Nazhad, M.M. (1994). Fundamentals of strength loss in recycled paper. PhD Thesis, Department of Forestry, Vancouver, Canada: 
University of British Columbia. 
[48] Weise, U. & Paulapuro, H. (1996). Relation between fibre shrinkage and hornification. Das Papier, 50(6), 328-333. 
[49] Kato, K.L. & Cameron, R.E. (1999). A review of the relationship between thermally-accelerated ageing of paper and hornification. 
Cellulose, 6, 23-40. 
[50] Hubbe, M.A., Venditti, R.A., & Rojas, O.J. (2007). What happens to cellulosic fibers during papermaking and recycling? A review. 
Bioresources, 2(4), 739-788. 
[51] Sutjipto, E.R., Li, K., Pongpattanasuegsa, S., & Nazhad, M.M. (2008). Effect of recycling on paper properties TAPPSA Journal. 
[52] Sahin, H.T. & Arslan, M.B. (2008). A Study on Physical and Chemical Properties of Cellulose Paper Immersed in Various Solvent 
Mixtures. International Journal of Molecular Sciences, 9 (1), 78–88. 
[53] Roberson, D.D. (1981). Permanence/ durability and preservation. Research at the Barrow laboratory. In J.C. Williams (Ed.), Preservation 
of paper and textiles of historic and artistic value II (pp. 45-55). Washington, DC: American Chemical Society. 
[54] Brandis, L. (1994). Summary and evaluation of the testing sponsored by the Library of Congress of books deacidified by the FMC, Akzo 
and Wei T'o mass deacidification. Restaurator, 15(2), 109-127. 
[55] Calvini, P., Gorassini, A., & Merlani, L. (2008). On the kinetics of cellulose degradation: looking beyond the pseudo order rate equation. 
Cellulose, 15, 193–203. 
[56] Shahani, C.J. & Harrison, G. (2002). Spontaneous formation of acids in the natural aging of paper. In Works of Art on paper, books, 
documents and photographs. Techniques and conservation. Congress of the International institute for Conservation. Baltimore, MD: Int. 
Inst. For Conservation. 
[57] ASTM D 6819-02 (2002). Standard test method for accelerated temperature aging of printing and writing paper by dry oven exposure 
apparatus. 
[58] Begin, P.L. & Kaminska, E. (2002). Thermal accelerated ageing test method development. Restaurator, 23(2), 89-105. 
[59] Kaminska, E., Bégin, P., Grattan, D., Woods, D., & Bülow, A. (2001). ASTM/ISR research program on the effects of aging on printing 
and writing papers: Accelerated aging test method development. Canadian Conservation Institute. 
 
 
